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Background and Purpose Concerning vasoreactivity of cerebellar blood flow (CeBF) in patients affected with crossed cerebellar diaschisis (CCD), several controversies have been reported. One is reduced asymmetry of CeBF after acetazolamide administration in Wm Tc hexamethylpropyleneamine oxime single-photon emission-computed tomography, and the other is persistent asymmetry with alternation in Paco 2 using the 133 Xe clearance method. The purpose of this study is to examine whether CeBF vasoreactivity in the side affected with CCD is the same as that in the unaffected side.
Methods We analyzed CeBF during hypocapnia, normocapnia, and hypercapnia performed in 27 patients with cerebrovascular disease (age range, 38 to 73 years; mean age, O f various factors to regulate the brain circulation, Paco 2 has been well investigated in diseased and healthy brain tissue. The perturbation of cerebral blood flow (CBF) by Paco 2 change has often been applied to examine the hemodynamics of brain circulation impaired with cerebrovascular insufficiency. Recent widespread distribution of single-photon emission-computed tomography (SPECT) has increased clinical demand for use of this technique for perturbing hemodynamics, often as a diagnostic tool with acetazolamide administration instead of Paco 2 change.
However, many stroke patients suffer from cerebellar diaschisis contralateral to the supratentorial lesion, 1 ie, crossed cerebellar diaschisis (CCD). The mechanism of this phenomenon appears to be neuronal depression secondary to damage of the corticopontocerebellar pathway. Investigations using SPECT-CBF have demonstrated controversial findings concerning cerebellar blood flow (CeBF) response in patients with CCD.
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One is larger vasoresponsiveness in the CCD-affected side than in the CCD-unaffected side of the cerebellum, and the other is the same vasoresponsiveness in both sides of the cerebellum.
We have recently reported consistent vasoresponsiveness to Paco 2 alteration in the primary visual cortex during photic stimulation. 4 This suggests that even the tissue of increased blood flow due to neuronal activation showed the same CO 2 responsiveness as that of resting blood flow. Thus, the second question is whether CO 2 vasoreactivity is also consistent in the tissue of decreased blood flow due to neuronal deactivation, eg, CCD.
The purpose of this study is to ascertain whether the side affected with CCD demonstrates the same responsiveness to Paco 2 change as the unaffected side by means of a quantitative, reliable method using H 2
15
O autoradiography and positron emission tomography (PET).
Subjects and Methods
All subjects in this analysis were selected retrospectively from a large series of patients whose CBF and its Paco 2 response had been measured using PET. We selected 27 patients with cerebrovascular disease at the subacute or chronic stage who were affected by CCD. Patient information is listed in Table 1 . The interval between onset of stroke and PET examination ranged from 2 weeks to 49 months. We excluded patients with crossed cerebellar atrophy 5 on computed tomography (CT) or magnetic resonance imaging (MRI) because we cannot locate the region of interest symmetrically on both cerebellar hemispheres if unilateral cerebellar atrophy exists and because the underestimation of CeBF might be larger in the affected cerebellum with atrophy than in that without atrophy. The study group included 17 men and 10 women aged 38 to 73 years (mean age, 62.0±8.5 years). We Positron emission tomography scanners were HEADTOME III 6 and HEADTOME IV 7 (Shimadzu Corp), of which the effective resolutions were 10 and 8 mm in full width at half maximum, respectively, with five 15-mm-interval slices and fourteen 6.5-mm-interval slices, respectively. The scan was performed in parallel to the orbitomeatal line in HEADTOME III and the commissure anterior/commissure posterior line in HEADTOME IV. CBF was measured by the H 2
I5
O autoradiography method. 8 The scan was begun at the appearance of radioactivity in the brain and accumulated radioactivity for 90 seconds. The quantitative CBF was obtained using on-line arterial input function. The scans were performed under conditions of normocapnia (resting), hypercapnia (inhalation of 7% CO 2 ), and hypocapnia (hyperventilation). Paco 2 was measured 1 minute before H 2
15
O injection and at the end of the scan, and these two points were averaged.
We located the region of interest (ROI) measuring 1.0x1.5 cm in ellipse on blood flow images symmetrically on bilateral cerebellar gray matter (Fig 1) . We also located an ROI measuring 1.5x2.0 cm in ellipse symmetrically on the bilateral cortical gray matter, where we omitted necrotic areas on CT or MR images. We defined the terms "affected" and "unaffected" in the cerebellum as the contralateral and ipsilateral side of the supratentorial lesion, respectively, and these terms in the cerebrum inversely as the ipsilateral and contralateral side, respectively. In the following analysis we used CBF and CeBF with the suffix "a" to refer to the affected side and with the suffix "u" to refer to the unaffected side. 
Results
The individual relations between CeBF and Paco 2 were plotted for each affected and unaffected side (Fig  2) . The CeBF exponentially increased as Paco 2 increased, which was basically the same behavior as the supratentorial CBF. 8 The individual ratios of CeBF between the affected and unaffected sides (CeBFa/ CeBFu) were plotted as a function of Paco 2 (Fig 3) . They were almost horizontal against Paco 2 change in each subject but widely distributed from 0.60 to 0.95. The wide range of the ratio reflected a spread of the degree of CCD due to the neurological deficit of the supratentorial lesions. The consistent ratio of CeBFa to CeBFu along the wide range of Paco 2 suggests that Paco 2 responsiveness to the constant rate of CeBF change is consistent between affected (deactivated) and unaffected (control) tissues.
The mean values of CBF, CeBF, and each ratio between the affected and unaffected sides of all subjects during hypocapnic, normocapnic, and hypercapnic conditions are summarized in Table 2 . Although the ratio of CeBFa to CeBFu did not significantly change as Paco 2 varied, the ratio of CBFa to CBFu decreased as Paco 2 increased. This was obviously caused by a reduced hemodynamic reserve at the lesion with cerebrovascular insufficiency in patients with cerebral vascular disease.
There was no significant difference in Paco 2 responsiveness (percent change of CeBF per millimeters of mercury Paco 2 change) between affected and unaffected sides in both directions of Paco 2 change (Table  3) . Individual ratios of Paco 2 responsiveness in the affected and unaffected sides (CeBFa/CeBFu) were plotted for Paco 2 elevation and reduction (Fig 4) . Each regression slope of the scattergram was 0.84 and 0.81, respectively, and was not significantly different from unity.
To test whether vasoreactivity will change with duration of CCD-affected time after onset, the relation between Paco 2 responsiveness (percent change of CeBF per millimeters of mercury Paco 2 change) and duration after the onset in log scale was examined (Fig 5) . It did not indicate a temporal effect of the duration of CCD on vasoreactivity.
Discussion
Perturbation of CBF by changing Paco 2 is often used to examine the dilative and constrictive capacity of the cerebral vessels and to examine the redistribution of perfusion pressure in cerebrovascular disease. The relation between CBF change and Paco 2 is well established in normal brain tissues: the increased rates are proportional to the baseline CBF, ie, exponential to Paco 2 change.
9 This study has confirmed this relation in the cerebellum.
We recently reported that this proportionality in absolute CBF change was also consistent in activated brain tissues of the visual cortex during photic stimulation. 4 Therefore, one purpose of this study was to examine whether this intrinsic cerebrovascular property was consistent in the region affected with functional diaschisis, ie, deactivated brain tissue. Our data clearly showed that this proportionality was also consistent in the CCD-affected cerebellum.
Takano et al 3 measured CeBF using the
133
Xe intraarterial injection method and CO 2 inhalation and suspected that, in the area with the diaschisis, the arterioles may be abnormally vasoconstricted at rest such that they cannot constrict further in response to hypocapnia but 
months after onset
can dilate more during hypercapnia than those in the area without diaschisis. The excessive resting vasoconstriction may result from decreased tissue elaboration of CO 2 due to a local decrease of metabolic function. We did not observe decreased response in the CCD area. The discrepancy might be explained by the difference in magnitude of Paco 2 change. Bogsrud et al 2 studied the effect of acetazolamide on CeBF in 11 stroke patients with unilateral cerebral hemispheric infarcts and cerebrocerebellar diaschisis of CBF using 133 Xe inhalation and dynamic SPECT. They concluded that cerebellar vasoreactivity is intact in stroke patients with CCD of CBF, which lends further support to the concept that reduced CeBF is secondary to functional deactivation.
2 This is basically consistent with our findings. Although they reported data only for hypercapnia, the present study showed that the result was also consistent for hypocapnia. Table 2 indicates that the cerebellar percent responsiveness per millimeter of mercury Paco 2 change is intact in both affected and unaffected cerebellar cortices under conditions of Paco 2 reduction (from normocapnia to hypocapnia) and elevation (from normocapnia to hypercapnia) (Fig 4) .
We also tested the possibility of temporal alteration of arterial responsiveness in the presence of CCD. The long-standing reduction of blood flow due to neuronal deactivation might alter vascular structure and thereby vasoreactivity. As shown in Fig 5, however, we did not find such a tendency within the time scale observed in the present study.
We conclude that absolute CeBF change to Paco 2 change is proportional to the level of Paco 2 in both affected and unaffected sides with CCD. Our results indicated that the rate of change in percent CeBF per millimeters of mercury Paco 2 change was uniform across affected and unaffected hemispheres with CCD.
These findings are consistent with our recent results with the cerebral cortex during photic stimulation. 4 
